Prograded barriers are depositional coastal landforms which preserve past shoreline locations and have been studied in order to understand the fundamental drivers of barrier formation. This paper reconstructs the Holocene history of the Seven Mile Beach, prograded barrier in Tasmania, Australia using optically stimulated luminescence (OSL) dating, ground penetrating radar (GPR), light detection and ranging (LiDAR) elevation models and sedimentological analyses. Shoreline progradation of the barrier commenced around 7300 years ago and continued to near present despite a ~ 3000 pause in deposition between 6700 and 3600 years ago indicative of substantial changes in sediment availability. GPR imaged subsurface structures contain a record of seaward dipping reflectors preserved as sediment supplied beaches and dunes leading to shoreline progradation. In the past 500 years a large transgressive dune has formed, built from reworked barrier sands, and now dominates the eastern portion of the barrier implying that shoreline progradation has ceased. This study reaffirms the notion that relict foredune ridges are strongly aligned with modal wave refraction patterns in planform and emphasises the importance of sediment delivery as a key driver of shoreline progradation through beachface and dune accretion. The substantial pause in shoreline progradation on this barrier system, as observed on others around the world, requires further explanation. Although changes in sediment delivery have been inferred, it may also be appropriate to reopen the debate on Holocene sea-level change in Tasmania. This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. 
Introduction
Prograded barriers commonly comprise a series of shore-parallel relict foredune ridges or ‗beach ridges' sensu stricto (Hesp 2006) which preserve past shoreline positions (Taylor & Stone 1996; Otvos, 2000) while also commonly containing other dune elements such as parabolic dunes, blowouts and transgressive dunes (Dillenburg et al. 2004; Hesp et al. 2007 ). Investigation of the processes involved and the chronology of formation of these ridges provides information on coastal landform evolution at decadal to millennial timescales (e.g. Hede et al. 2015; Rémillard et al. 2015) . Studies from around the world have demonstrated the validity of using optical luminescence dating to determine the timing of deposition of individual ridges (Timmons et al. 2010; Guedes et al. 2011; Reiman et al. 2011 ). Geophysical and sedimentological techniques provide further potential to investigate prograded barriers as repositories of paleoenvironmental information from which it may be possible to reconstruct sea-level changes (Tamura et al. 2008; Clemmensen & Nielsen 2010; Hede et al. 2015) , storm erosion histories (Bristow et al. 2000; Dougherty 2014 ) and coastal response to regional climatic changes (see Tamura (2012) for review).
Several prograded barrier sites in southeastern Australia. have been constrained by radiocarbon dating which indicates their history of progradation (Thom et al. 1981a (Thom et al. , 1981b .
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More recently the chronology of some of these barriers has been more accurately determined using optically stimulated luminescence (OSL) dating of quartz grains. OSL dating allows the time since deposition of sediment to be determined whereas radiocarbon dating of biological materials dates the cessation of radiocarbon uptake (e.g. the death of the organism) which may predate the sedimentary event. Since the first use of OSL to supplement a radiocarbon chronology and reconstruct the depositional history of Guichen Bay, South Australia (Murray-Wallace et al. 2002) , several other coastal plains around
Australia have been investigated using OSL. Sites such as Cowley Beach (Nott et al. 2009 ),
Keppel Bay (Brooke et al. 2008) , Iluka-Woody Bay (Goodwin et al. 2006) , Moruya (Oliver et al. 2015) and Admiral Bay (Engel et al. 2015) have provided important contributions to understanding Australian coastal morphodynamics and palaeoenvironmental changes on local to regional scales adding to a larger body of international research. In contrast to mainland Australia, the Late Quaternary coastal landforms of Tasmania have not received comparable attention, despite being both geographically extensive, and internationally significant in inspiring the early insights into ridge formation processes (Davies 1957; 1958; 1961; (Figure 1 c) . Detailed chronological studies of Tasmanian coastal deposits are concerned with uplifted marine deposits of neotectonic significance (e.g. Murray-Wallace and Goede 1991; 1995) and terrestrial dune activity (Duller & Augustinus 1997; ; see also McIntosh et al. (2009) for a review.
This study uses OSL dating, ground penetrating radar (GPR), airborne Light Detection and Ranging (LiDAR) elevation data and sedimentological analyses to reconstruct the Holocene deposition of the Seven Mile Beach barrier and describe the Late Quaternary landforms against which it is emplaced. These datasets provide an opportunity to explore the importance of various drivers of progradation and their influence barrier on morphology in a deeply embayed coastal setting. This study also tests the hyposthesied influence of modal wave refraction patterns controlling barrier planform configuration proposed by Davies (1958; 1959) (Figure 1 c) . The study constitutes the first OSL chronology of a Holocene ridge
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Study site
The (Murray-Wallace and Belperio, 1991; Murray-Wallace and Goede, 1991; Murray-Wallace et al., 1990; Murray-Wallace et al., 2013; Slee et al., 2012; Shin, 2013; McIntosh et al., 2013) . Thom et al. (1981a) have controlled the alignment of the relict foredune ridges (Figure 1 c) .
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Sediments to the NW of the relict foredune ridge sequence consist of infilled backbarrier lagoonal deposits, regressive estuarine plain sequences and terrestrial aeolian dunes. The landward margin of the barrier, which forms the southern shoreline of Pitt Water estuary is called Five Mile Beach. This estuarine shoreline has a cliffed profile with much slumping and is cut into weakly lithified or unconsolidated wave and wind deposited barrier sand. Sediment eroded from this shoreline is actively reworked into the estuary and historical aerial imagery suggests that the erosion is occurring at an average rate of 0.2 m per year (Sharples et al. 2012 ).
The frontal portion of the barrier has been reworked following progressive foredune formation during the late Holocene. An interdune deflation hollow with a basal elevation of 0-2 m above MSL is backed by a large hummocky transgressive dune in the eastern portion of the barrier and a high single foredune in the western portion. Evidence from aerial photography suggests these dunes were active prior to the 1950's after which extensive planting of marram grass (Ammophila arenaria) resulted in widespread dune stabilisation.
Only the north-easternmost margin of the large transgressive dune at Sandy Point remains mobile. A single high foredune is present south of the Hobart airport with a smaller deflation hollow between it and the active foredune ridge which is laterally continuous behind the present day beach. This active foredune ridge is periodically cut back during storms and subsequently rebuilds. A low-angle beachface with a berm at an elevation of 1-1.5 m prevails during fairweather conditions. Lithological and structural information was obtained from several outcrops of coastal facies and sedimentary logs were made of several shallow auger holes (maximum depth 2.7 m) through units not suited to geophysical investigation. Samples from outcrops and auger holes were described using a binocular microscope to determine lithology, grain size, roundness and sorting.
Methods
Interpretive mapping and sedimentological analysis
GPR collection and processing
GPR data was collected using a Mala ProEx system; an unshielded 50 MHz antenna was used along transect BR5, whereas shielded 100 and 250 MHz antennas were both used along four transects spread through the central portion of the barrier BR1-BR6 (Figure 1 a) . GPR datasets were processed using ReflexW v.2.1.1 and standard processing routines were applied including desaturation, first arrival time correction, spatial filtering and bandpass filtering. After testing of various migration processing routines, a diffraction stack
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A C C E P T E D M A N U S C R I P T Under dim red-light conditions around 4 cm of sediment at either end of each sample tube was separated and not used for luminescence measurements and served as an indicator of sample moisture content and determination of the environmental dose rate using ICP-MS and ICP-OES analysis (completed by Intertek Genalysis). Environmental dose rate was calculated from the concentrations of uranium, thorium, and potassium determined by ICP-MS and ICP-OES analysis using the conversion values reported by Guérin et al. (2011) . An assumed water content of 5% ± 2.5% was adopted for all samples due to the uncertainty of time-varying hydrological conditions in free-draining quartz sand soils. The cosmic dose for each sample was calculated taking into consideration geographic position, sediment density, altitude and depth of overburden following the methods of Prescott and Hutton (1994) .
Sub-samples of light-safe 180-212 µm quartz grains were isolated and prepared for measurement following the procedure outlined by Oliver et al. (2015) . Twenty-four 3 mm diameter aliquots of quartz were prepared on stainless steel discs and were loaded onto a Risø TL/OSL reader for stimulation, measurement and irradiation. Prior to measurement of
values, a preheat-plateau was used to assess the thermal stability of the quartz grains ( Figure 2 ). Based on this pre-heat plateau experiment a pre-heat cut-heat combination of 180/160 respectively was adopted for all D e measurements. D e values were estimated using a modified single-aliquot regenerative-dose (SAR) procedure (Murray and Wintle, 2000) . To ensure the suitability of the SAR procedure for each multi-grain aliquot, standard tests were applied, including a recycling ratio test, recuperation test (Murray and Wintle, 2000) and OSL-IR depletion radio test (Duller, 2003) . Luminescence data for each aliquot was processed in ‗Luminescence Analyst' version 3.24 © University of Wales, 2007 and dose response curves were fitted with an ‗Exp+Linear Fit' function. The final D e and overdispersion values for each sample were calculated using the central age model (CAM) (Galbraith et al. 1999 ).
Results
Terrestrial aeolian dunes
Relict terrestrial aeolian dunes, similar to those described by Thom et al. (1994) Tasmania of possible tsunami deposits preserved in back-beach settings (Clark et al. 2011) .
At the western end of this deposit is an infilled backbarrier lagoon sequence marked by a broad low-lying clayey surface around +2-3 m above MSL. A 1.75 m core through this unit reveals a broadly upward fining sequence with plastic clay to sandy clay with interfingering beds of clayey sands near the base. These clayey sands contain calcareous concretions up to 400 mm in diameter that are likely to have been derived from a marine quartz carbonate sand source where the shelly fraction has leached out to form the concretions. Underlying this lagoonal sequence is a sandy unit noted by Cromer (1980) and interpreted as a transgressive sand. Broadly these two units, the regressive estuarine plain and the infilled backbarrier lagoon, indicate a transition from marine dominated deposition to fluvial or other terrestrial depositional processes.
Relict foredune ridge morphology and sedimentary character
A detailed examination of the Seven Mile Beach barrier surface morphology from the LiDARderived DEM shows 30-40 sub-parallel relict foredune ridges (Figure 1 a) . The ridge-crest elevations of these reach between 4 and 6 metres above MSL (Figure 3 ). There is a distinct change in ridge alignment at the landward margin of the barrier northeast of Hobart Airport (Figure 1 a) . In the eastern portion of the barrier a large hummocky transgressive dune and associated erosional interdune deflation hollow is present (Figure 1 a) . In this eastern portion
of the barrier the relation of the relict foredune ridges to the alignment of the present shoreline is more complicated and there is evidence of greater dune activity in the past. A large established foredune and smaller deflation hollow is also evident directly southeast of the Hobart airport runway (Figure 1 a) .
The Seven Mile Beach relict foredune ridges are composed of aeolian sediments that have been pedogenically modified at the surface. These aeolian sediments overlie beach and backshore sediments with occasional broken shell fragments which increase in abundance with depth. The sediments are light yellowish brown, medium grained, well-sorted, subangular to rounded grains of quartz and carbonate. Landwards, carbonate grains decrease at shallow depths and calcareous rhizoconcretions are present and prolific in the exposed sediments along the eroding shoreline of Five Mile Beach. A semi-indurated calcrete layer is present also in the mid profile of the landward ridges only.
GPR-imaged relict foredune ridge internal structures
Five GPR transects across the Holocene relict foredune ridges provide insight into the internal structure of the barrier deposits. The key units identified from the LiDAR DEM, including the ridge alignment change, the shore parallel ridges, and the deflation hollow, have been imaged. GPR was also collected across the mobile easternmost portion of the 
Relict foredune ridge depositional chronology
Fourteen OSL ages were determined from samples collected on the Holocene barrier to constrain the chronology of the relict foredune ridges forming the Seven Mile Beach barrier (Figure 1 a) . These ages indicate progradation of the shoreline over a ~7000 year period.
The three ages between ~7300 and ~6800 close to Hobart airport demonstrate that the landward ridges formed during the mid-Holocene when the sea level was at or near present height (see Figure 1 a and profile C in Figure 3 ). The three ages between ~7300 and ~6800 ages are also from samples located either side of the change in ridge alignment and show that this occurred relatively rapidly and that there was no substantial pause in ridge deposition.
ACCEPTED MANUSCRIPT
A C C E P T E D M A N U S C R I P T 13
The anomalous age of 24 250 ± 1280 for the landward ridge may be due to sampling into the terrestrial aeolian dune unit to the northwest (discussed below) on to which the Holocene barrier is welded. The core taken when collecting the sample dated to 24 250 ± 1280
showed a far more strongly podsolised soil profile than was evident in the Holocene ridges.
The age of 7320 ± 330 years ago was taken from a cross section of the ridge stratigraphy exposed from ongoing erosion along Five Mile Beach (Figure 1 a) . Examination of the sedimentary facies in this section revealed seaward-dipping bedding with heavy mineral lenses typical of upper shoreface storm lag deposits and similar to those described by Dougherty (2014) for Omaha, New Zealand. The elevation of these heavy mineral lenses exposed along the Five Mile Beach shoreline at the most landward ridge was consistent with the upper beachface elevations on the modern shoreline. It appears thus from these two ages and the observed sedimentary features, that the backshore slope of this most landward ridge may be composed of aeolian terrestrial dune sediment and the foreshore slope with seaward-dipping heavy mineral lenses of Holocene age (see Figure 6 ). This implies that the Holocene barrier is welded directly onto the aeolian terrestrial dune. The age of this most landward ridge is in accord with recently published OSL ages for the most landward ridges at prograded barriers in southern New South Wales (Oliver et al. 2015; Oliver 2016 ) and also corresponds with the best estimates of the cessation of the post-glacial marine transgression (PGMT) in Australasia according to Lewis et al. (2013) .
A horizontal offset in the OSL dating transects also corresponds with an apparent ~3000 year phase of substantially reduced progradation rate from ~6750 to ~3600 years ago (Figure 1 a) . To test whether the ridges are consistent in age alongshore, a sample was collected and dated near the Hobart airport from the same ridge dated 3280 ±150 years ago in Profile A (see Figure 1 a and Figure 3 ). This ridge may be traced as a continuous feature alongshore between the two dated samples sites. The age of 3250 ±150 years ago near the Hobart airport confirms that deposition has been contemporaneous along the ridge corroborating the swash-aligned formation of the ridge and indicating negligible longshore
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14 transport. Therefore a ~3000 year hiatus in deposition between ~6750 and ~3600 seems evident despite the spatial offset of the sampling transects.
The eastern OSL sampling transect (profile A in Figure 1 a and Figure 3) shows a remarkably steady rate of ridge progradation (Figure 8 ) from ~3600 to ~1400 years ago indicated by seven consecutively younger ages taken from topographically higher ridges across the barrier. The rate of progradation across profile A in Figure 3 (2016) has demonstrated with morphodynamic modelling that a sea-level fall from a 1.5 m highstand only exerted a minor influence on barrier growth for the Forster-Tuncurry barrier compared to the influence of an inherited disequilibrium shoreface profile. Evidence for higher Holocene sea levels around Tasmania is limited with some evidence for a +0.5 m highstand around 3500-2500 years ago (Lewis et al. 2013 ) and other evidence suggesting sea levels were lower than present for much of the Late Holocene (Gehrels et al. 2012 ).
However, uplift rates inferred from raised MIS 5e marine deposited sediments around ACCEPTED MANUSCRIPT
Tasmania (+11 m above present MSL at minimum) (Murray-Wallace & Belperio 1991) means that marine sediments 7500 years old might be expected to be +0.66 m above present MSL assuming a continuing average uplift rate of 0.088 mm/yr. This uplift rate needs to be considered in future investigations of Holocene sea-level changes in Tasmania.
Changes in sediment budget and changes in sea level have been suggested as important factors controlling barrier evolution over the Holocene on other energetic sandy coastlines around the world (Fruergaard et al. 2015b; Hein et al. 2014; 2016; Timmons et al. 2010 ). In contrast, Moore et al. (2016) infer that periodic ridge-building may be driven by autocyclic processes related to ridge topography and vegetation, and caution against speculating about external causes despite acknowledging the critical importance of shoreline progradation rate and lateral dune growth rate which cannot be controlled by internal dune dynamics. Also, Moore et al. (2016) considered comparatively short term dune growth with ridges forming over just 5-6 years, whereas at Seven Mile Beach in Tasmania ridges form over ~100 years which is comparable to other sites in southeastern Australia (Oliver et al. 2015 ). It appears that at this location ridge building and shoreline progradation is strongly controlled by sediment availability in the embayment.
From around 3500 -500 years ago a steady rate of progradation (0.4 m/yr) is inferred from the pattern of OSL ages taken along a ~1 km long GPR transect in the eastern portion of the barrier. This rate of progradation is in close accord with rates determined for other prograded barriers on the Australian mainland (see Table 3 in Oliver et al. 2015) . The sedimentology and GPR-imaged subsurface structures also indicate the accumulation of beach and dune sediments with regressive beachfaces demarcating storm cut and recovery preserved under positive sediment budget conditions (Figure 9e ). In the past 500 years, substantial changes have occurred to the seaward portion of the barrier with the development of a large hummocky transgressive dune (Figure 9f ). This transgressive dune and the generally higher foredune in the western portion of the Seven Mile Beach barrier resembles the morphology of many prograded barriers in southern NSW (see Fig. 4 in and northern
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18 NSW (e.g. Fens embayment, Hesp 2013). The timing of the development of these higher foredunes has been determined at some sites e.g. Guichen Bay (Murray-Wallace et al. 2002) , Moruya (Oliver et al. 2015) , Callala and Wonboyn (Oliver 2016 ) and it appears that these foredunes have formed in the last 500 years and most likely in the past 200 years. At Fens, NSW a prevailing SE wind exposure gradient from south to north has resulted in a large deflation hollow and associated transgressive dune forming in the north of the barrier reworking relict foredune ridges (Hesp 2013). The cause of such features on many prograded barriers in southeastern Australia is not yet known but may be linked with land clearing and grazing on coastal barriers during early European settlement (Chappell & Thom 1986) . At Seven Mile Beach Tasmania a strengthening of the westerly circulation during the past 500 -150 years may also be responsible for increased dune building (Shulmeister et al. 2004 ). This change in barrier morphology is significant considering the demonstrated importance of sediment delivery regime as a fundamental control on barrier evolution and ridge morphology (Nott 2012; Hein et al. 2016) . Multiple lines of evidence suggest that limited progradation has occurred in the past ~500 years implying that the shoreface has reached an equilibrium condition with respect to modal wave energy with no new sand sources entering the bay to enable further shoreline progradation. years has reworked the frontal portion of the barrier which includes the ridges deposited after ~1400 years ago. This dune activity is the morphological expression of another significant hiatus in barrier deposition in the past 500 years. The relict foredune ridges are strongly configured in planform to the modal wave refraction patterns as suggested by Davies (1958; 1959 other sandy beaches (bold lines) within the bay; modified after Davies (1958) and Oliver et al. (2016) .
Conclusion
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Figure 2: Results of preheat plateau test on sample SMB-T-1 (see Table 1 ) showing various pre-heat and cut-heat combinations for sets of three aliquots with measured De. The central age model (CAM) (Galbraith et al. 1999) for all 24 aliquots is represented by the dashed line. 
Highlights:
 OSL dating of barrier sediments reveal shoreline progradation commenced ~7300 years ago and continued to near present.
 Terrestrial aeolian dune active during MIS 2 and MIS 3 supplied sediment for initial shoreline progradation.
 A ~3000 year pause in deposition was evident between 6700 and 3600 years ago linked to sediment supply.
 GPR and OSL datasets reemphasise planform configuration of ridges to modal wave refraction pattern and ridge building resulting from beach and dune accretion.
 Transgressive dune activity and vertical frontal dune building near the modern shoreline suggests another pause in shoreline progradation.
